Signal detection in neural populations: the importance of heterogeneity by Mejias, Jorge F & Longtin, André
POSTER PRESENTATION Open Access
Signal detection in neural populations: the
importance of heterogeneity
Jorge F Mejias
*, André Longtin
From Twentieth Annual Computational Neuroscience Meeting: CNS*2011
Stockholm, Sweden. 23-28 July 2011
Neural ensembles process sensory information by
employing a wide set of strategies and mechanisms.
When attempting to investigate some of these mechan-
isms, most theoretical and computational studies assume
networks of identical neurons which may work together
in a collective fashion. Actual neural systems, however,
display a prominent heterogeneity in neuron properties.
This seems to be relevant in many contexts, such as in
synchronization of inhibitory networks [1,2], global
detection of weak signals [3,4], or envelope and tem-
poral coding [5]. Still, the effect of heterogeneity in the
dynamics of neural populations has not been fully
understood up to now.
We present here a detailed theoretical and numerical
study of the implications of heterogeneity in the proper-
ties of neural populations. We assume a population of
all-to-all connected excitatory integrate-and-fire neu-
rons, each one of them with a different distance-to-
threshold value. Such heterogeneity serves to reflect
some of the variability in the individual excitability
properties of neurons found in actual neural systems.
Our study shows important effects of heterogeneity in
several quantities of interest, such as the network mean
firing rate and mean coefficient of variation (CV) of the
firing rate. These effects are found for values of the het-
erogeneity which are within the observed physiological
range, which denotes the importance of considering het-
erogeneity in realistic modeling of neural populations.
Our results also indicate a strong effect of the heteroge-
neity in the synchronization properties of the network.
In addition to these findings, the model reveals an
interesting heterogeneity-induced phenomenon. More
precisely, in the presence of heterogeneity in neural
excitability, neural populations may employ two well
differentiated strategies to detect and process weak
incoming signals. With one of them, the network firing
rate is able to faithfully reproduce the shape of the
incoming signal, while according to the other strategy
the signal is encoded in narrowly localized population
bursts. Both strategies optimally codify the external sig-
nal for a certain value of the heterogeneity -in a stochas-
tically resonant manner- which is compatible with
experimental observations. The particular strategy
employed by the network strongly depends on the level
of correlation among the neurons in the network, thus
establishing a direct relation between optimal heteroge-
neity level and spatial correlation.
Published: 18 July 2011
References
1. Talathi SS, Hwang DU, Ditto WL: Spike timing dependent plasticity
promotes synchrony of inhibitory networks in the presence of
heterogeneity. J. Comput. Neurosci 2008, 25:262-281.
2. Talathi SS, Hwang DU, Miliotis A, Carney PR, Ditto WL: Predicting
synchrony in heterogeneous pulse coupled oscillators. Phys. Rev. E 2009,
80:021908.
3. Tessone CJ, Mirasso CR, Toral R, Gunton JD: Diversity-induced resonance.
Phys. Rev. Lett 2006, 97:194101.
4. Perez T, Mirasso CR, Toral R, Gunton JD: The constructive role of diversity
in the global response of coupled neuron systems. Phil. Trans. R. Soc. A
2010, 368:5619-5632.
5. Savard M, Krahe R, Chacron MJ: Neural heterogeneities influence
envelope and temporal coding at the sensory periphery. Neurosci 2011,
172:270-284.
doi:10.1186/1471-2202-12-S1-P205
Cite this article as: Mejias and Longtin: Signal detection in neural
populations: the importance of heterogeneity. BMC Neuroscience 2011 12
(Suppl 1):P205.
* Correspondence: jmejias@uottawa.ca
Department of Physics and Centre for Neural Dynamics, University of
Ottawa, Ottawa, Ontario, K1N 6N5, Canada
Mejias and Longtin BMC Neuroscience 2011, 12(Suppl 1):P205
http://www.biomedcentral.com/1471-2202/12/S1/P205
© 2011 Mejias and Longtin; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.